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Objectives: to confirm that plaque echogenicity evaluated by computer analysis, as suggested by preliminary studies,
can identify plaques associated with a high incidence of strokes.
Materials and methods: a series of 96 patients with carotid stenosis in the range of 50–99% were studied retrospectively
(41 with TIAs and 55 asymptomatic). Carotid plaque echogenicity was evaluated using a computerised measurement of
the median grey scale value (GSM). All patients had a CT brain scan to determine the presence of infarction in the
carotid territory.
Results: the incidence of ipsilateral brain CT infarctions was 16% in the asymptomatic and 32% in the symptomatic
plaques (p=0.076). It was 20% for <70% stenosis and 25% for >70% stenosis (p=0.52). It was 9% for plaques which
had a GSM >50 and 40% in those with GSM <50 (p<0.001) with a relative risk of 4.6 (95% CI 1.8 to 11.6).
Conclusions: the results confirm that computer analysis of plaque echogenicity is better than the degree of stenosis in
identifying plaques associated with an increased incidence of CT brain-scan infarction and consequently useful for
identifying individuals at high risk of stroke. What is required is a form of image standardisation in order to apply this
method to natural history studies with stroke as the endpoint.
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Introduction Materials and Methods
It has recently been shown that plaque echogenicity, Ninety-six patients with greater than 50% carotid sten-
as measured by the computer, can be used to identify osis were admitted to the study (duplex peak systolic
plaques associated with a high and a low incidence velocity greater than 250 cm/s). Of these, 55 were
of “silent” CT-brain infarction in patients with internal asymptomatic or had non-hemispheric symp-
carotid stenosis.1 Plaques with a high grey scale median tomatology and 41 were symptomatic. Of the latter,
(echogenic) were associated with an 11% incidence of 24 had one or more hemispheric TIAs, seven amaurosis
CT infarction. By contrast, plaques with a low grey fugax and 10 had a stroke with good recovery. The
scale median (echolucent) were associated with a 55% side of the most severe stenosis was considered in the
incidence of CT infarction. Several studies have sug- asymptomatic patients.
gested that the presence of “silent” CT-brain infarcts All scans were performed with an Acuson 128 (Acu-
is a risk factor for subsequent stroke and death2–5 and son Co., Mountain View, CA, U.S.A.) with a 7.5 MHz
imply that plaque echogenicity may be related to high-resolution linear scan head. Scan and printer
stroke risk. settings were pre-set at machine start-up and were
The aim of our study was to reproduce the results not altered during the examination. All patients were
by correlating plaque characterisation applying the examined supine with slight head tilt. Anterior, lateral
same computer method on the images obtained by and posterior projections were used to image the
different equipment at another centre (*). plaque longitudinally. All images were recorded on
photographic paper using a Polaroid Freeze Frame
Video recording setting (Polaroid TM). The best image* Paper presented at the Xth ESVS Annual Meeting held in Venice
in September 1996. was then scanned using an Epson scanner (Epson
† Please address all correspondence to: G. M. Biasi, Division of UK Ltd, Hemel Hempstead, Herts, U.K.) and thenVascular Surgery, Bassini Teaching Hospital, University of Milan,
Via M. Gorki 50, 20092 Cinisello Balsamo (Milan), Italy. transferred to a computer using a standard software
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Fig. 1. The echographic image of the carotid plaque is outlined and its grey scale content is analysed by the computer. The grey scale
median (GSM) was used as a measure of plaque echogenicity.
Table 1. Correlation between symptomatology and brain CT scan(Adobe Photoshop 2.5.1. program, Adobe Systems Inc.,
findings (v2=3.13; p=0.076) with a relative risk of 1.94 (95% CICA, U.S.A.).
0.942 to 4.19).Each plaque was outlined using the computer mouse
CT+ CT-and its grey scale content (from 0 which denotes
maximum black to 255 which denotes maximum
Symptomatic 13 (32%) 28 41white) was analysed for the mean, standard deviation, Asymptomatic 9 (16%) 46 55
median and total pixel count. The grey scale median
was used as a measure of the overall plaque echo-
Table 2. Slight correlation between percentage of stenosis andgenicity. A histogram showing pixel count in the y-
cerebral CT scan findings (v2=0.40; p=0.52).axis and the grey scale in the x-axis was produced for
each plaque as shown in Fig. 1. Stenosis CT+ CT-
All patients had a CT-brain scan and the presence
>70% 13 (25%) 38 51or absence of infarction in the corresponding middle <70% 9 (20%) 36 45
cerebral artery territory was noted. The incidence of
CT-brain infarctions in plaques of high and low echo-
genicity was determined. The relationship between
The incidence of CT-brain infarction was 13/51 (25%)plaque echogenicity, symptoms and degree of stenosis
in patients with stenosis greater than 70% and 9/45was also determined.
(20%) in patients with stenosis less than 70% (v2=0.40;
p=0.52) (Table 2).
The incidence of ipsilateral CT-brain infarction wasResults
17/42 (40%) in patients with plaques having a grey
scale median <50 (echolucent) and 5/54 (9%) inPatients were subdivided according to carotid plaque
echogenicity, the severity of the stenosis, the symp- plaques having a grey scale median >50 (echogenic)
(v2=13.03; p<0.001) with a relative risk of 4.37 (95%tomatology and the presence of ischaemic lesions in the
hemisphere ipsilateral to the carotid plaque studied. CI 1.76 to 10.90) (Table 3).
The high significance of the echogenicity as com-The incidence of CT-brain infarction was 13/41 (32%)
in the symptomatic and 9/55 (16%) in the asympto- pared to symptomatology and degree of stenosis as
an independent factor is even more evident if wematic patients (v2=3.13; p=0.076) with a relative risk
of 1.94 (95% CI 0.92 to 4.09) (Table 1). consider Table 4, in which the mean (–s.d.) grey scale
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Table 3. The comparison between GSM values and CT scan follow-up, 20 operations have to be performed (100
findings shows the significative correlation for GSM <50 and operations in a one-year follow-up) so that the cost of
positive CT scan (v2=13.03; p<0.001) with a relative risk of 4.37 actually preventing each stroke could be so high that(95% CI 1.76–10.90).
it would tax the health service of any country.10
CT+ CT- According to these trials, as in common clinical
practice, the main selection criteria for surgery are theGSM <50 17 (40%) 25 42
GSM >50 5 (9%) 49 54 presence of previous symptoms and the severity of
carotid stenosis. Nevertheless, several studies have
demonstrated echolucent plaque association with
cerebral symptoms.11–14 It has been suggested thatTable 4. Grey scale median values in relation to the presence or
absence of CT-brain infarction, presence or absence of symptoms plaque characterisation may be able to identify sub-
and degree of stenosis. (O) CT-; (E) CT+; (M) asympt.; (·) sets of patients with a risk which is higher than 2%,
sympt.; (*) <70% stenosis; (C) >70% stenosis. say in the region of 4–7%.1 If this were possible, then
the remaining patients may have a risk of less than 1%
and would be spared from an unnecessary operation.
Operation would be performed only in those at high
risk. Our aim was to verify if the computerised method,
based on the echographic examination of the carotid
plaque, was reproducible and reliable in the selection
of patients at high risk.
The results of our study confirm the preliminary
findings.15 They demonstrate that the grey scale me-
dian of a plaque, measured using the computerised
method, is associated with the presence or absence of
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CT-brain infarction, but not with the presence or ab-
sence of symptoms nor the degree of stenosis. How-median (GSM) in relation to the CT-scan findings, the
ever, the cut-off point for the optimum separation ofpresence or absence of symptoms and the percentage
the groups was grey scale median of 50 for our data,of stenosis is shown: there was a significant difference
slightly different from GSM 32 found by El-Barghouty.1between plaques associated with a positive or negative
This study demonstrates that our criteria developedCT-scan, but there was not any significant difference
by the analysis of images are applicable on imagesbetween symptomatic and asymptomatic plaques or
obtained at different centres, provided that theplaques with stenosis less than or greater than 70%.
methods and their ability to determine the relationship
between different types of plaques are equally valid.
The similarity of the results demonstrate the validity
Discussion and Conclusions of the methodology, but indicate the need for stand-
ardisation. Optimum adjustment of gain and TGC are
Carotid endarterectomy (CEA) has proved to be an very subjective and depend not only upon the operator
effective therapeutic method in decreasing the risk of but also on the tissues scanned and the depth of the
stroke in symptomatic patients affected by athero- area of interest. Higher gains are often needed for
sclerotic stenosis of the internal carotid artery, as imaging carotid vessels in obese patients compared to
demonstrated by ECST6 and NASCET.7 Two recent patients with thin necks.
randomised controlled studies, the VA8 Trial and the It is now apparent that some form of standardisation
ACAS,9 both performed in North America on patients of images is needed if comparisons between different
with asymptomatic internal carotid stenosis, have pro- centres or the same centres using different equipment
vided the first scientific evidence that under certain are to be valid. Following this study Nicolaides set up
circumstances (as defined by the patient and surgeon a method of standardisation of echographic images
selection criteria) carotid endarterectomy can reduce obtained through the computer, which re-elaborates
the incidence of stroke also in patients with asympto- the grey shadows of the entire image, according to
matic carotid stenosis. fixed values given to known components of the image,
Two very important implications have emerged which are blood and adventitia. The “standardised”
from these multicentre trials: the first is the importance image of the plaque solves the problem of calibration
of selection of patients and surgeons, the second is and GSM difference. This method has now been ad-
opted for a multicentre natural history study, thethat in order to prevent one stroke in a five-year
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